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AR1 56 



m 
m 

--^ (57) Abstract: In an exposure apparatus, an exposure of a substrate (P) is carried out by filling at least a portion of the space between 
a projection optical system (PL) and the substrate (P) with a liquid (50) and projecting the image of a pattern onto the substrate (P) 
through the projection optical system (PL). An optica] element (60) and a lens-barrel (PK), which are in contact with the liquid (50) 

fs^ when the substrate (P) is moved, are subjected to a surface treatment for adjusting the affinity with the liquid (50). Consequently, 
formation of air bubbles in the liquid between the projection optica) system and the substrate is suppressed and the liquid is always 

w held between the projection optical system and the substrate, thereby creating a good immersion state. 
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FR, GB.GR.HU.IE, IT, LU.MC, NUPT.RO.SE, SI, SK. QtPCTliMv h<0«Sll;»K$n-C I** r 3 — K£B8SI 

TR), OAPI l&t/f- (BF, BJ, CF. CG, CI, CM, GA, GN, GQ, 0>iS-< 9 S — V J £#HB„ 
GW, ML, MR, NE, SN, TD, TG). 



1?. &&t£mfSMkm' ( mf$.**ii>o 



WO 2004/053956 



PCT/JP2003/015735 



j: o -case ufc/t* - >»TB&«a&$s«;Rtf8&£au 
- v £ mw&m u & w e> t x ^ a) a° * - > « £ tf- u rstEicte^-r s 

J&ft#*©£fc3**?fcJ*fb#a3.j|iTUSo S*3fc9**©A¥ittl±x {^ffi-TS 

fctox B^B^ttffl^tiSB^iftStt^^JSSft^bLTfeOx »»3fe^*©«3 
P&fcii^LTU&o ^-LTs a&^SftOB&iftillix K r Fi+y?b- tfCD 
2 4 8 nmTfel.^ ^I3^;^CDA r F i=f>7 U —if CD 1 9 3 nmfcgtflHt 
7*ti^z>3bZ 0 Sfe. B3te&fT-5»l3lis »«JSEiira«ll3^-S* (DOF) «fe 

R = k, • A/NA - (1 ) 

<5=±k 2 - A/NA 2 ••• (2) 

AliB*ift*x N Alitt»#5&#©K!IPf!u k„ k 2 li7a-tr^^ 
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«9 9/4 9 5 0 4-%^$Bl2ir^^tiru?>)^}ft^^|g?*iT^i)o Z(D 
^^TrCDg^cD&Jttf, 2^*0) 1 / n ( n Ittfcte&m WCil^ 1 . 2 ~ 

xmwami (Dmmiz®L7L\£^ (50) ^unis 
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mv**->(Dm*gfatz&&-fz&&yLm?h (pl) feflt*, 
m£&&x&3h (pl) nmfim ( 5 o ) t < 6 0 x p k ) i*. 
M(50) hflD^P'l±^liM■r?)fetolw^®i^L^i^tLTt^5,^7 1 6^g (ex) 

T*t»#l;:ttL,TiflfiJlZ»;ll^^ 

*3MJ3©$S2<DlB«KtteiU*. /t* - (5 0) fe^LTSfi 

(P) ±tCTL.TaSttt*«*-*-*a3t««TfeoT : 
*HB/t*->©«iraiZ»R««ie3fe3fc* (PL) tt^, 
MIB&i^^ (PL) . *<D5tii<7)*^*^ (60) Mfc^fc* 1 

fR«t (ar 1 ) ts mimmm® card jm3z®n;2Siiflitc car 2) t& 
an«®«« (ar 1 ) flDiaf* (50) t»-r««wptt*<x.«2aiB«* (a 

R2) com* (5 0) !3>«-*«WPttJ:0'b*^a*(ft« (EX) mm* Mo 
rsWWtt** *0>JSS©S& 2 «HfRttJ:0tt *1*®«*l3<fc 
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mte&mmizmn&ti<t>Tft%iizffi.}h[sti;^ 0 l£#ot. m^izm^m^t 

2ts:^©^3(7)^lz:^i{S, (EL) - >£HSBJ§ yt* 

-XD&ZP&ib (5 0) £*M,TStS (P) ±Hfe^LraE*5^S^:1-S^^ 
STfeoI : 

mv^-><D&*mb\z&&ir%%L&%^Jk (PL) h ; 

(PL) ( P ) t(Dm<D'Pti: < £:fc-gP£>£# ( 5 0 ) ~CM 

ttfemmW (K2)t; 

jftfls (5 0) <Dl5<*£cU (PL) tmiB. (P) fcOHlUfctf-SJ* 

#(50) ©aE*ia>Jft££ v,^(50) <DM£p x (50) 055^14^ 

iJf&Mt LT. =5M« (vd-p)/A^20 0 0#>1fJ££;lxTl*aS*teSai 
(EX) «^*lS 0 

*»B^l3«k*itf. ±IB^xC^)tSri)J;3l3 N tit&ik&lb. (PL) hSt£ 

( p ) £<Dm<D'j>te < fcHfciz»<mttt*ftsaH^*i»g« z: t\z£ v x 

*»B ( g©JB4(DflB«lll3ge^tfs (EL) T77^ (M) <DM°$>-> 

&^L, /^->©<l4)S# (5 0) ^LTSft (P) ±l3te^LrS«fe 

mw* -><»&*m*\z&&T%mzit¥3k (pd t ; 

(PL) hS« (P) t©BB©'J>*:< tt,-»*»#-C)»fcrfctf> 
<D>£>S=£S (K 2) ; fctiiU 
^(50) (P) ©^fi^lRji:WI^«36h56:oT3IE*iSB«SI« 
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(ex) wm&zftZo 

->mo&ib*&5±t2>ztw-c%2>o ^fcv ?miz&+z&&yt!£&W3c.'\ 
& % is 1 1 * x j \ i- 5 a ts ^ ^ - 1 3 & » £ ss£ * -e ?> c: 1 «& fe i\ <, 

ftlxlfx ^«^<M#^ (EUR) ***JffllLfe»)s 

*&w<D$B5(Dmmizm7H£. r^k-a (ed T-/t^->^^L. 

(5 0) fc4M,T»K (P) ±l3fe^LTSt5^S!3fe1-SS3feil 

iTfe^T : 

MIB/f * - >©«l4»«liift»-rs«;K^» (PL) t; 

( P ) ±©*l^}«fls (50) «(^t%»»Ht ( 1 x 2 ) h ; 
ftft&ll ( 1 s 2 ) ««>J»-r««lflim (CONT) ; fc<i;U 
TOJiP^S (CONT) lis SIR (P) ©B3te*li*f* (50) ©#«S##lt 
2tiZ&olzmy9k&M (K 2) %$|JP-T?>S^S (EX) A*ffiet**iSo 

$nz>znz£K> . &fa±izm*fi<*tifrmyt#feM&bzz}i&te<^ mm±izm 

*^05^6CDfi|*il^^li, (PL) 
(P) ±li«[jK LTTStR (P) «:B3t-rsa^ai3*5l^ : 

s&flrKx mm (p) ods®^. »#(5o) ^©^D^^iiiM-rsfetoi^a 

JftlB&S* (PL) (P) £G>®<D'J>tj:< hfc-gP&a*rt* (5 0) -on 
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fz+Ztt ] 

jw-xdm*. »#(50) jurats (P) ±iz&&1-*z 

m'\ it, ^^(K>mt^m.co-mmim^^rmmmm^^o 

El 5 (a) ~ (c) It. mmW£W1MZftTl\te^i9L&%¥Jh£.&tfL£<Df%lZ 

me (a) ~ (c) it. mwmmtfM$titz&&ifc¥m£miz£<Dmiz%Ltt.tf 
)&ti % w& & tarn t z> tz. & cd^eit s o 

El 8 (a) TkXT (b) li % tttft^ XJKDffe©^JS«*^BI"CfeSo 
E]9I*> 3t*R±l3l9:l±6tifc*A-**5^&*na"Cfe5o 
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H11 (CfcUT. S^tEXlis ?7^M^n?7^7f-vMSTi:s 

7**M<D/f*-><D«££«i*^-yP S TlC^^^LTtN^StePICl^S 
#-r*BM&*fc¥* P L t , SftSIE E X±#<7)i!ift4ttS»Jfflir SWiWSIiRC o 
N T £:£rfi6x.TU5> 0 

HB^tt^fRj ZXnijfa. Z^^tfYift^fRjUM&^lRl 

36*IrI) 4Yi*|$li:t5o X$du Y$dU ^t>'Z«&^ fc K> l5fa*Zti?ti, 

ex. sy. &tf0 z^iqj^-rso i;tu-5 r^tgj ii^s*f*$xA± 
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^ M±<Dj%&<Dm*mmtm*m¥& i uz<t. k> ^ttMm^omt^t elt 

*f% (M2 4 8 nm) ^©StSt*^ (D U Vft) Ar Fi+>?U-+f7fe 
.9 3 nm) &7JF 2 U-If3fc (Ml 5 7 nm) m<DM^m^ (V U 
V3fe) fc^tfJB^btlSo *nMmmiZ& l^TldU A r Fi+v7b-1fMI 

?7^7r-vMSTIi, 77 £ Mfc^^S tODTfeoT. ^f^^P L 

viEli^SM STDlClcfcSi&ib^fti.o x'X^T.^-vlEWl^M S T Dliftjffll 

liM^M C0NTl3di^^^i.o ftJf&P^ CONTliU - if =F)m<DWt%mm 

JR^Ii&«8M*x MtU£Xt>IsX (S U S 4 0 3) TM^tlfcigP 
^tlTl^, *HWl;fcUTs «!»^*PLI4, ^i?^/SA^iJ^li*1 

©U-TtiT^.fcUo Sfes *H»^©}S^7t^P L^a^Pd^^iMSPTII 
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2h, XY7f-v5 2^^t5^-75 3fc&fiM.Tl^ 0 S^X^-^P 

s ntv^T^-ztgommxT-ismmmwiP s t di^j; ^iEib^^^o s« 

X 5r - vlEli^g P S T D (2$J«)gtt C 0 N T Id «fc «9 «J» * ft* 0 Z7f-v5 

fctt3<&g > 0Y*iRjl^a3ltS(4iR^#Jffli**L5o 

XYXf-v5 2^1Elb-r?.Z:hl3«i:i5s S*£P<Z>X Y^fS]l3feM^5ttg 
(ft^^PLiDOTfcSIKWIw^fT&^FRlflDtliB) #ft3JfcP#;tx£o -j-&t>*x 
Z7t-v5 S^P©^^-±»X{iMS.U t ^4^$:»UTaffiP(Da® 

XY7f-v5 2l**ffiP©Xtti*|ql»lfYttl^rqllwfeltS(4«* 

»f-vP S T (ZXt-v5 1 ) ±131*, ItSXf-vP S Ttt^lZ 
ffl&W&kP LlZttL-a&Wi-tZ&WMS 4^lfi!l^t.*iTl^2>o £fcs Sibils 
4l3ttfa«{4«l3(iU-i^>$i1-5 5ffI&l±6j|xTU*o StRX^-vPST 

-f A-cit}iJ^ tis ft)UJ^ii$iJffi]^gc o n t *i£> » *JW«*c ont 

It l> -if T)W 5 5 ODttayftmilfc^TafrE*^ - vigli^S PSTD 
tSZtTSfi^f-vP S TlZ^^nruSStEPCDfltiRSfctoifTOo 

P L (D$fe^gp 7 6 OJkVmm P K©-SPA<E*t**lTfc fj . 
&{*5 Oli^f^ (**7^§P*t) 60txil PKttZ^fA-t^ho 
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ill (gtfU h«L StfKrFitWI/-^ (M248nm) 

(DUV3t) tLm. £a>B3fc&EL&2EflBTl&T&a 0 

B^M E X Us P L <D9b*m 7 £S*E P ©MflDSIW 5 6 \ZFfr& 

#5 0ftiHWR«»{t:igjR«« (mm^m, suRgs) 2t^tus 0 
a*i8Bfc 3 RTi^»#5o*j»-rt.(DTa&oT^ >»5 o£ire-rs*>* N &qje 

Slfi^ / X;i, 4 4^ 5 6 5 0 5 0 

izit^HR ; X)i 5 *it i \ s o »#is]iR&B 2 liigiR y x;u 5 RiflsUR* 

6&*M,-C£H5 6©»#:5 OJfeigilxrSo £M 5 6 lUflSft: 5 0 ItMttVk. U 
i81CONTIi»fttlS8f 1 «te«3au f ttlfty X;U4^LT 

^BB5 6l^»LTi|ltC[B$IH^fe*?^«a)»f*:5 0 t fcKx »f*Hl 

iR^g 2 £SEib U y 5 JRlflHlira 6 LTJIiiftl^BB^fc 0 F/f^S© 

« P fca>|»©£[B 5 6 Kifcf*: 5 0 *l£> o 

* *U S^Tt^P LKIttL-C. ?X^M^-XS[S] (Xli+X 
*T|q|) lZ3SftVT»ttrsa)l^ra«ILT:x XY7f-v5 2^LTi«iP*H 
X#|r) (Xli-X^fi)) naLSEtf • V T?ftW>-t%o % l/Tx 1 
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lRjfc¥firtaHfia>»tt*lRli:HI— S'fill^Jftf* 5 0 4SM-J:5 fcK3£**iTU* 0 

BI2tt. «aB3t^*PLO)$fci|ttP7hs 5 0 trXWafalzmUi+zmMtS 
■X)IA (4A-4C) »fr5 0&®i&-t2>\5l>tiiy X)15 ( 5 A N 5B) £(D 
<a«Wffi&jj*1-E|-efc*o ®2l;:*3l*T\ $fc«37 (^#^6 0(D5t^s®6 0 
A) ©J^«l*Ytt*lRll3«UlU«JB«i:ftoTte»)s SM^PL(D»7 
*X«i*fillZtttJj:at, +X^lfi]iIiJ^3-DCD^yX;U4 A~4CA^iBM^*l.. 
-X^|pl<8iJlZ2o(D[5li|X/X;U5 A. 5 B />«E«£*iTl*So ^ IT, fft^X 
;U 4 A ~ 4 C 3 UT^ilSil 1 \Z&m£ *U IsWX -/ XJU 5 A % 

5 B lilnlift© 4 LT^lslilX^g 2 tj«jfc**lTL^o ££x tt^/XiH 
A~4 C fclsliRy XJU5 A. 5 B i: ^^SB 7 (DfpfolzM LTBfc 1 8 0 ° Efe 
UfcteMlZl. g±$£/XA>8 A~8 Ch, Ielil5Z ^ X)l 9 A. 9 B timmt* tiTU 
So #t«&/X;U4 A~4Chls]iRy X)19 A. 9 B tli Y&^fpJKSESUlBB?!);* 
*U X)18 A~8ChlHli|Sy X)l>5 A. 5 B tli Ytt^fiJlZSSSlllIIB?!!* 

*u ^/xji8 A~8cii«*&gi 0 4^iTM^ii iz&mzti. IS 

ift/X;U9A. 9B(i(E]i|X@1 1 «r^UT>aEf*:Eli|X««2l3»«#*iTt^So ^ 

££s IH3lz:^-rc):5IIs $tfi»SP7«:^TY»li*'|qlii5filJa>*ti**il3«tl&-/ 
X^3K 3 2&tf[s]ijR/X;U3 3. 3 4 £IS:tt£ ZLhfcTtSo d©1&^X 

ft) ^©^Kf^lCfcOTt. «[K^*PLta«Pi:©|ffllZ.}af*5 0«:^L 
±&LtzS X)\,(Dmmt&lzmj£$ti2> t©t&<, ^Jxii$fe^gP7(D 
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fcfcs ZO>m^lZlt, +X£(ak XI±-X^lRj©4r-6 6»<D^^6t,»i*:5 0(D 

t izhl^ nmm u t t «k i\ o 

So $feiSSP7li N ^SM^-f 5fctol3S«P$:^g^[B) (Xtt^lqJ) lUfcttrS 
5 Oii^MI-SaJ^Tfco.T, 7fe^6 0CDTI6 0AMif P 

*ftK3lfc^P L©$"c^9J 71333 InTs ^6 0(011 (TB) 6 0 AM 

ttwp K©Tiia)— aj©ffi**^t?»i a®fw«A RUv ^©an ot««a 

WAR 2tl 5l*f£«fc3*®#LSA<lfc£ftTl\3o !£1 31 

SfiRttA R 1 (*) 5 OlZMTZmQ&tfi* ^2iIiMA R2(D*ft 

(tK) 5 0lZttTZtmn&£ K>m< te%£r>\Z, *1 S |g2^®«iSA R K A 
R 2(D^ti : etil3MLT^®^S*^^tiru5>o C^Tlis ^t?6 0fet 

t^iiWAR 1 i^LTii^tt^^-rs^^b^si (*wc<b*yi) x 

JI2*ai«J*AR2t»LTtta?*tt*f*-*r5»»<b«31 (STMbttkS) A% 

t*7»or<fcS;fc«>x 7fe^6 0m^1 HBSIiUcA R 1 iZttTZ 
mi^S^HgAR 1 <D^m^6 0<DTW6 0 ARXfmtoP KlZttLT, Mz.lt 



12 



WO 2004/053956 



PCT/JP2003/015735 



ffls^tiTK* (o 2 ) *m^T7^x^tmT%o 2 -7=?7:-?tiim*m-t 
m.£-&zmmwt££. lu 0 sg 1 m«j*a r 1 i*x #^x»*tTfcs*te* 

fg*fr^l!(S»& £T<Z)#>££ffl l> 5:t^^5o 

— *\ ttf5PKOT&^fcSB2«®fI*AR 2l;:ttLTIiJS7Mb^#*fc**i 
So ^2iif^A R 2K:ttr*8bMb*Q ! 3fc LT\ ey*.l£"7 •yfc&^fcffitt© 

Tg7j(tt^ft4t5o feStMis UTS? 'MbSHR (CF 4 ) fcfflU 

*te*tt^-*-*o a*RP©S5B*7;u3-;n&ir*28^UT«Bftiaufe 



13 



WO 2004/053956 



PCT/JP2003/015735 



mm A R 1 l*JT^UT«^tii>o 

ztiztcDT'&ztzisb, mititE LizttLTmm&*&-rz>ttnT'mj£t<ti. z 
(Dmm&mftftEL*m&-5jmtemmzwLi£t<*iZo 

;xiz. ±&Lfcmxmw:Ex*m^T:^x<7M(DJt*->*m&.pizmyt-fz 
mconmiz^^xmm-t^o 

-VP S TIID- KSftfce* HiStCON TliJfttt^Hftmi £SEK)U £ 
^ 5 6 llWtS^ifSift&r^tSo ftftt*tt&1t1 l±ffiRB5 6I^UTS 
tRP<D»ll)tripJl35fiorJ*#:5 0^t5 o fllxlis ^EPXa (IH2#!>S) 

«3x fitted X;U4 A~4 C s ^IflsliR ✓ X)l 5 A N 5 B^UT, 

mfaPtf-xijfaiz&sb-tzteizit. m& i g3Rvm£iSX)i>4 (4 

A ~ 4 C ) £ tf- LumfamZMW 1A^^5 0 jW»3te36* P L PiKD 
BBI3«*ft*tiSti: , btN IslilxyXJl/5 (5 A. 5B) . MVlslW<g 6 IT 
»f*5 0*<*f*lHliR^«2li|HjJ|R**i N U>X6 Ofc»«P tOlBft»fc-r«k-5 
\Z-Xl5falZy&tt.5 0tfffi,ti% o *EPX b Tr^lT j£fi;£rn) ( + X£|r1) IZ 

aaEPfe^tt^-ST^fia^ftfT^^lil*. o N ^;x;l-8a-8 

C. I5]JjxW1 1 \ RZfEW; X)19 A. 9 Bfcffl^Tx jtf^Ktl&tf^ 
0iROT2li«fc»3»<*:5 Oro^teRTflHliR^fffetiSo S1KP#+X 
*|pJI^«l1-4PSl3l±x «t&tt1 0MttlS^X^8 (8A-8C) ^LtiS 
ttfttdgB 1 6*H* 5 0 &&&&&& P L £g*K P h <DM^«J&#*iS £ t 
13, @iRyX;U9 (9 A. 9B) . RVIsliR©1 1 fe^h LT»f* 5 0 tf&ftlUifc 
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Oti<mtiZo C0Dctol3. *J9P8«C0NTIi. >fcf*#t$££Sg 1 &tfj$#[sWR£l 
«2*fflUT»*RP(D»»i^lRli;5Sor»«:5 043S-i-o £©«^ 
1(^11 *^«!§>'X;U4fe^Ur«te$*l.SJaft:5 OlittffiPOD-XTjft^ 

(D»ttl^oTffllB5 6iigiea*n*«k-5CLTaEti*o-c^ 
-x*r(RicDir*&©*iR]iiai«p=fe^35r%»^*. u>x6 o©?5i£®7 t 

5 Ofc^Pfcli«*ntt#f£Ufctt>x »ttft0l±*t^o El 5 (b) ItmKPff 
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